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While various NDE techniques can be used on steels, magnetic methods, 
which rely on the inherent ferromagnetic properties for evaluation 
of a wide range of materials properties [I), from flaws to residual 
strain, are unique to steels. In general, the changes in magnetic 
properties that are observed are large and therefore easily measurable. 
Unlike ultrasonic methods they do not need high resolution, high speed 
electronics for their use. Despite these obvious advantages, magnetic 
methods have yet to be fully exploited compared with other NDE techniques. 
It is well known that measurement of a number of independent parameters 
is an important consideration in NDE particularly in situations where 
a number of material properties can vary. This is particularly true 
of ferromagnetic materials where microstructure, mechanical treatment 
and even previous exposure to magnetic fields, which result in irreversible 
changes in magnetization through hysteresis, can seriously alter observed 
values of parameters. 
This work is concerned with the development of a multiparameter 
magnetic inspection system. Four important independent magnetic NDE 
measurements have been identified which give indications of the condition 
of the material. These are magnetic induction, magnetostriction, the 
Barkhausen effect and magnetoacoustic emission (MAE). Each of these 
is commonly used in magnetic NDE, but we are unaware of any attempts 
to coordinate all four separate measurements for materials evaluation. 
These various magnetic measurements generate a range of independent 
parameters which can be used to quantify the condition of the material. 
The magnetostriction is measured as a function of both field A(H) and 
induction A(B). Hysteresis curves allow determination of coercivity 
Hc ' remanent induction BR' hysteresis loss WH' initial differential 
permeability, pin' anhysteretic differential permeability P~n and maximum 
differential permeability ~ax. The Barkhausen effect and MAE each 
give count rates dN/dt, total number of pulses fN(H)dH and the pulse 
height spectra N(E). 
Consequently, the system can generate approximately fourteen separate 
pieces of information about the magnetic state of the material. Furthermore, 
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we consider that it is important to measure these properties simultaneously, 
not only to expedite the measurements, but to ensure that the various 
independent parameters are measured under identical conditions. At 
present, magnetic induction and magnetostriction are measured simultaneously, 
while we are currently working on integrating the Barkhausen and MAE 
instrumentation into the system. 
BACKGROUND 
Microcomputer controlled systems for measuring the magnetic properties 
of materials have been described previously [2]. Earlier systems have 
concentrated mainly on magnetic hysteresis measurements, although a 
system for simultaneous application of magnetic field H and stress 
cr [3] has also been reported as part of an investigation into NDE of 
stress. 
Theiner and coworkers [4,5] have shown that, in view of the number 
of factors influencing the magnetic properties of steels, it is necessary 
to take a number of independent measurements. Their "3MA" system measures 
the Barkhausen effect, dynamic magnetostriction and incremental permeability. 
From these three measurements it is possible to unravel the competing 
influences of several factors in order to determine levels of stress 
[6] • 
The early development of the present system has been described 
previously by Habermehl and Jiles [7]. This included the basic data 
acquisition system for measuring magnetic induction only. It used 
an IEEE-488 interface (HP-IB) for controlling the bipolar power supply, 
a feature which has subsequently been superceded. The present state 
of the system now includes complex field control algorithms, data acqui-
sition for magnetic induction, magnetic field and magnetostriction, 
simultaneous hard copy recording of results on three x-y recorders 
and the implementation of a software data analysis package. 
PROGRESS TO DATE 
The system contains completely integrated instrumentation for 
measurement of magnetostriction and magnetic hysteresis (Fig. 1). 
It also contains instrumentation for measurement of Barkhausen noise 
and magnetoacoustic emission which are not yet integrated. These four 
magnetic measurements are the most widely used magnetic NDE techniques 
for evaluation of intrinsic (i.e., non-flaw related) magnetic properties 
of materials [1]. 
Control functions 
The field control functions, which are common to all four 
measurements, are now operated from one of the two digital to analog 
output lines on the Labmaster board [8]. A number of routines have 
been written to vary the magnetic field in well defined ways. These 
include demagnetization, initial magnetization, anhysteretic magnetization 
and hysteresis loop algorithms. These programs are called from a master 
control program, which assumes control again once the operations are 
complete. The master control program provides a menu of available 
operations, monitors the state of the system and indicates which operations 
have already been carried out. 
1716 
Fig. 1. Photograph of the experimental system. 
The parallel port I/O lines from the Labmaster board are used 
to operate the instruments directly from the computer. Such operations 
include zeroing the flux meter when necessary (usually only following 
demagnetization), enabling and disenabling the three x-y recorders 
and controlling the pen status on each of the recorders to ensure that 
hard copy recording of results occurs only when needed. 
Data acquisition 
The data acquisition system used is part of the Labmaster 
board which has a 12 bit analog to digital converter with eight separate 
input lines. The programmable gain on the input allows measurement 
of voltages in the ranges -20 to +20mv up to -10 to +lOv, with 4096 
incremental steps on each range. At present, the data acquisition 
system records magnetic field, magnetic induction and magnetostriction 
and stores the results on floppy disc. Typical operation of the instrument 
uses an output range of 100 Oe.V- l from the H field meter (Walker Scientific 
Inc. Model MG-3A), and an input range of -0.1 to +0.1 volts on the 
data acquisition system. With 12 bits this gives a field resolution 
of 0.0048 Oe. Calibration of the Hall probe using a standard field 
of 2500 Oe indicated an accuracy of 2%. Magnetic induction measurements 
use a typical output range of 10kG.V- l from the B meter (Walker Scientific, 
Inc. MF-3A), and with 12 bit resolution on an input range of -0.1 to 
0.1 volts this corresponds to a resolution of 0.48 Gauss. 
Magnetostriction measurements are taken using a strain gauge bridge. 
The strain sensitivity is such that lmv corresponds to 10- 6 strain . 
For typical operation of the system on the range -1 . 0 to +1.0 volt 
with 12 bit resolution this gives a strain resolution of 0.48 x 10-6 . 
Analysis 
A data analysis software package has been written for use 
with the system. This takes the recorded results from floppy disc 
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in the form of pairs of values of Hand B. It then calculates magne-
tization (B-H)/4v, the permeability ~=B/H and the differential per-
meability ~' = dB/dH at each point. 
Coercivity Hc and remanence BR are calculated by interpolation 
of results close to B=O and H=O on the hysteresis loop to saturation 
to obtain intercepts on the Hand B axes. Hysteresis loss WH is cal-
culated by integration around the hysteresis loop. Initial 
and anhysteretic permeabilities ~ln and ~~n are obtained using linear 
least squares analysis of data at the origin H=O, B=O. The maximum 
differential permeability ~ax is calculated from the slope of the 
hysteresis loop at H=Hc' B=O. These six magnetic parameters are then 
output on a line printer together with details of the specimen under 
investigation, and tabulated values of magnetization data at each of 
the 697 points. The values of the six magnetic parameters characterize 
the hysteresis loop signature and are then related to the material 
property of interest. 
A digital plotter, (Hewlett Packard HP7470A) has been added to 
the system to provide hard copy plots of various derived functions 
which are not recorded on the x-y recorders. A routine in the software 
analysis package enables plots to be made of magnetization, magnetic 
induction, permeability, differential permeability, susceptibility 
or differential susceptibility against magnetic field using either 
hysteresis loop, initial magnetization curve or anhysteretic magnetization 
data. 
Barkhausen and MAE 
The magnetic Barkhausen effect emissions are detected from 
a search coil wound onto the specimen. The signal is then amplified 
using a preamplifier (Princeton Applied Research, Model l13A) a filter 
(Krohn-Hite, Model 3202) and a pulse counter (Hewlett Packard HP5304A). 
The count rate of Barkhausen pulses above a preset threshold level 
is then measured. By integration of the signal the total number of 
emissions is found. The MAE is detected in a similar way. 
Design for integrated system 
A schematic diagram of the final design for the system is 
shown in Fig. 2. 
RESULTS 
Effects of composition and microstructure on the magnetic properties 
of AISI 1000 
We have used the system to investigate the properties of a 
range of AIBI 1000 series plain carbon steels [9]. The results showed 
distinct differences in properties depending on whether the microstructure 
was normal lamellar pearlite or spheroidized. However, correlations 
between some of the magnetic properties were independent of microstructure. 
For example, the relationship between initial permeability and coercivity 
(Fig. 3) did not depend on microstructure, nor did the relationship 
between coercivity and hardness. 
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Fig. 2. Schematic diagram of final design for the multiparameter magnetic 
inspection system. 
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Fig. 3. Dependence of initial permeability ~in on coercivity Hc which 
was independent of microstructure for AISI 1000 series carbon 
steels. 
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Effects of microstructure and strain on the magnetic properties of AISI 
4130 steel 
The effect of plastic deformation on the magnetic properties 
of steels is clearly an important prerequisite for the use of magnetic 
methods for NDE of strain. Results showed that hysteresis loss WH 
increased with strain (Fig. 4) while initial permeability decreased 
with strain in most cases. The sole exception being martensites, for 
which hysteresis loss increased while initial permeability decreased 
with strain [10]. The changes in these magnetic properties were sufficiently 
large (50 to 100% in some cases) for their application to NDE of plastic 
deformation. 
Effects of strain on AISI 4140 steel 
Some tests were performed in which a single heat treatment 
of AISI 4140 steel was subjected to different amounts of plastic deformation 
of up to 20% in tension [11]. Properties such as coercivity (Fig. 5) and 
initial permeability were strongly affected by the increase in dislocation 
density caused by the plastic deformation. Other properties, such 
as the anhysteretic permeability remained almost unaffected across 
most of the range of measurements. 
Effects of porosity in iron 
The detection of porosity, which occurs before failure of 
steel components, would be a significant benefit if it could be reliably 
achieved. Results taken on the present system indicated that pore 
size could be detected from coercivity and maximum permeability [12], 
although the results were not entirely conclusive. Barkhausen effect 
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Fig. 4. Variation of hysteresis loss WH with plastic strain for AISI 
4130 steels. 
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and MAE measurements were found to increase with the coercivity of 
the material. As the pinning of domain walls increases the coercivity 
increases and correspondingly the number of discontinuous wall movements 
increases. 
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Fig. 5. Variation of coercivity Hc with plastic strain for AISI 4140 
steel. 
Plans for Future Development 
The remaining task is to fully integrate the Barkhausen and MAE 
measurements. For this we will use some of the remaining AID input 
lines on the Labmaster board. This will enable us to record count 
rates from the HP5304A counter. To investigate the pulse height spectra 
of the emissions we will use a multichannel analyser (The Nuclei, Inc. 
Model PCA-1000) [13] which is a plug-in board for the IBM PC. The 
pulse height spectra contain additional information which can be related 
to the microstructure of the material. 
Once this has been completed the system will be able to automatically 
conduct measurements and record results of magnetic field, magnetic 
induction, magnetost.riction, Barkhausen effect and magnetoacoustic 
emission. These independent measurements will be made simultaneously 
and will provide a comprehensive set of structure sensitive magnetic 
properties for NDE. 
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